In the silkworm, Bombyx mori, nonsusceptibility to B. mori densonucleosis virus type-2 (BmDNV-2) is controlled by a recessive gene, nsd-2 (nonsusceptibility to DNV-2). We investigated the genetic linkage between two random-amplified polymorphic DNA (RAPD) markers and the + nsd-2 gene. Initially, we constructed the JSD-2 strain (nsd-2/+), which is congenic to strain J137 (nsd-2/nsd-2) with respect to the chromosome containing the + nsd-2 gene, starting with a female of strain J137 and a male of strain C137 (+ nsd-2 /+ nsd-2 ). Genomic DNAs were compared between infected individuals of the JSD-2 strain and J137 by a polymerase chain reaction (PCR) with 700 arbitrary 10-mer primers. Two RAPD markers (OPH19R and OPP01R) linked to the + nsd-2 gene were found. For the crossing-over experiment, a female of J137 was crossed with a male (nsd-2/+) of JSD-2. Segregation analysis showed that the most closely linked RAPD marker (OPP01R) was mapped 4.7 cM distant from + nsd-2
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INTRODUCTION
Bombyx mori densonucleosis viruses (BmDNVs) belong to the genus Iteravirus of the subfamily Densovirinae of the family Parvoviridae (Murphy et al., 1995) . BmDNVs are classified into two groups as BmDNV type-1 (DNV-1) and type-2 (DNV-2) (Watanabe et al., 1986) . However, the classification of BmDNVs has been fairly complicated. Another type of DNV was discovered in mainland China (Iwashita et al., 1982) . Although the DNV China isolate has a common antigen and is very similar to DNV-2, these two viruses are not identical (Iwashita, personal communication) . Moreover, it was reported that the DNV-2 contains DNA of two different-lengths (6.6 kb and 6.1 kb) (Bando et al., 1992 (Bando et al., , 1995 . Therefore, it has been proposed that DNV-2 be classified as the genus Bidensovirinae of the subfamily Densovirinae (Tijssen and Bergoin, 1995) . BmDNVs multiply only in the nuclei of the columnar cells of the larval midgut epithelium (Shimizu, 1975; Watanabe et al., 1976 ; Maeda and Watanabe, 1978 ; Seki and Iwashita, 1983) . Certain silkworm strains are highly susceptible, while other strains are nonsusceptible or completely resistant to DNV-1 or DNV-2 even after being fed a high concentration of virus inocula Maeda, 1978, 1981 ; Seki, 1984) . Nonsusceptibility to DNV-2 is controlled by nsd-2 (nonsusceptibility to DNV-2). In DNV-1, two genes are involved : one is nsd-1 (nonsusceptibility to DNV-1), and the other is Nid-1 (non-infection to DNV-1) (Eguchi et al., 1986) . These three genes, nsd-1, nsd-2, and Nid-1, are located on different chromosomes (Abe et al., 1987) . The nsd-1 gene has been located at position 8.3 cM on the twenty-first chromosome (Eguchi et al., 1991) . Nid-1 is epistatic to + nsd-1 . Furthermore, the nonsusceptibility to the DNV China isolate is controlled by the nsd-z gene located on the fifteenth chromosome (Eguchi, personal communication) . The relationship between the nsd-2 gene and the nsd-z gene has not yet been analyzed. For the breeding of commercial silkworm strains, it is desirable to eliminate the susceptibility gene and incorporate these resistance genes to DNVs in breeding programs. At the same time, it is necessary to maintain genes that are susceptible to DNVs for the breeding of laboratory strains that will enable future scientists to understand the mechanism of resistance or susceptibility.
Therefore, DNA sequences as visible markers are desired for the selection of susceptible individuals without virus inoculation in breeding. Random-amplified polymorphic DNAs (RAPDs) have been used as genetic markers because their generation through polymerase chain reaction (PCR) makes them more rapidly and easily detected compared to RFLPs (Williams et al., 1990) . Recently, we have identified and mapped several RAPD markers linked to the + nsd-1 gene (Abe et al., 1995 (Abe et al., , 1998 . However, at present there are no RAPD markers linked to the + nsd-2 gene.
Here we report two RAPD markers linked to the + nsd-2 locus and estimates of the linkage relationship between + nsd-2 and these two RAPD markers by a genetic-crossing experiment.
MATERIALS AND METHODS
Silkworm strains. The J137 strain (nsd-2/nsd-2), which is nonsusceptible to DNV-2, and the C137 strain (+ nsd-2 /+ nsd-2 ), which is susceptible to DNV-2, were maintained by single pair matings. We constructed the JSD-2 strain, which is congenic to the J137 strain for the chromosome containing the + nsd-2 gene, starting with a J137 female and a C137 male. Backcrossing of females was continued to eliminate C137 autosomes except for the chromosome containing + nsd-2 . The JSD-2 strain was at the N8 generation when the studies reported here were begun. For the crossing-over experiment, a female of J137 was crossed with a male of JSD-2 (nsd-2/+).
Virus inoculum and serological diagnosis. Five grams of larval midguts infected with DNV-2 was homogenized with 45 g of distilled water, and the homogenate was centrifuged at 12,000 rpm for 30 min. This supernatant, at a concentration of 10 -1 , was diluted with distilled water to prepare an inoculum concentration of 10 -2 . This virus concentration resulted in 100% infection in C137. Initially, to identify the + nsd-2 -linked RAPD, 30 newly ecdysed 4th-instar larvae of the JSD-2 strain, including susceptible (nsd-2/+) and nonsusceptible (nsd-2/nsd-2) individuals, were fed mulberry leaves that had been smeared with a DNV-2 suspension at 10 -2 . To verify infection, after the larvae had fed on the leaves for 72 hr, they were reinoculated with DNV-2. On the seventh day after the second virus inoculation, the larvae were frozen and stored at -20°C. These larvae were dissected, and their midguts and posterior silk glands were extracted for serological diagnosis and DNA extraction, respectively. For serological diagnosis of DNV-2 infection, the microgel diffusion method was performed according to Watanabe and Maeda (1981) . We judged larvae infected with DNV-2 as having an nsd-2/+ genotype, whereas not infected larvae were judged to have an nsd-2/nsd-2 genotype. Genomic DNAs were compared between 10 infected larvae of 30 individuals of the JSD-2 strain and 10 larvae of the J137 strain by PCR with 700 arbitrary 10-mer primers. For the crossing-over experiment, a female of J137 (nsd-2/nsd-2) was crossed with a male of JSD-2 (nsd-2/ +). Four hundred and two newly ecdysed 4th-instar larvae of F 1 progeny were fed mulberry leaves smeared with a DNV-2 suspension. As described above, we judged the genotype of these larvae.
DNA extraction, primers, and PCR. Genomic DNA was extracted individually from larval posterior silk glands by the method of Bender et al.(1983) . It was further purified by extraction with phenol/chloroform, precipitated by ethanol, and resuspended in a 0.1 × TE buffer (1 mM Tris-HCl, pH 8.0, 0.1 mM EDTA).
Arbitrary 10-mer primers were purchased from Operon Tech. and the University of British Columbia Nucleic Acid-Protein Service Unit. In this study, we screened about 700 primers (Operon kits, A, B, C, D, E, F, G, H, I, J, K, L, M, N, O, P, Q, R, S, T, U, V, W, X, Y, AA, AB, AC, AD, AE, and UBC-201 through-299) to detect + nsd-2 -linked RAPDs.
For the PCR, each reaction was 30 µl in volume and contained 150 ng template DNA, 0.2 mM each of dATP, dCTP, dGTP, and dTTP, 1 µM of 10-mer primer, and 0.68 units Taq polymerase (TaKaRa) using a ZymoreactorII machine (ATTO). The PCR consisted of 45 cycles performed as follows: 94°C for 1 min, 37°C for 1 min, 72°C for 2 min, and a final extension of 10 min at 72°C. PCR products were analyzed on 2% agarose gels and stained with ethidium bromide.
RESULTS

Identification of two RAPD markers linked to the +
nsd-2 gene. About 700 arbitrary 10-mer primers were screened on the individuals of JSD-2 (nsd-2/+) and J137 (nsd-2/nsd-2). Two amplified products, using OPH-19 (5'-CTGACCAGCC-3') and OPP-01 (5'-GTAGCACTCC-3'), were present in infected individuals but absent in resistant ones (Fig. 1) , indicating that these two RAPD markers are linked to the + nsd-2 gene. The + nsd-2 -linked RAPDs were designated OPH19R and OPP01R according to the primer (Fig. 1) . -linked RAPD markers, a female of J137 (nsd-2/nsd-2) was crossed with a male of JSD-2 (nsd-2/+). Four hundred and two F 1 progeny from a single pair-mated female were analyzed and the result is shown in (Fig. 2) . There was a possible class of double recombinants between two RAPD markers, and the expected number of double recombinants could be calculated. The expected number of double recombinants between OPP01R and OPH19R was 402 × 0.047 × 0.122 = 2.31. In this study, two individuals that were thought to be double recombinants were obtained. However, we could not conclude that these two individuals were double recombinants because there was the possibility that they might be susceptible to DNV-2, although the amount of DNV-2 of the midgut was insufficient for serological diagnosis.
Crossing-over experiment between +
DISCUSSION
We have identified and carried out genetic mapping of the two RAPD markers (OPH19R and OPP01R) linked to the + nsd-2 gene. Promboon et al. (1995) constructed a linkage map of RAPDs in B. mori which enabled them to estimate that, given the total length of the genome as approximately 1000 cM with a size of 500 Mb, 1 cM roughly corresponds to 500 kb. In our study, OPP01R, the closely linked DNA marker to the + nsd-2 gene, was mapped approximately 4.7 cM away, i. e., 2.35 Mb. We have maintained the CSD-1 strain, which is susceptible to DNV-1, by a DNA diagnosis method using the RAPD markers linked to the + nsd-1 gene (Abe et al., 1996) . We were able to diagnose the susceptibility of an individual by extracting the DNA as a template for PCR from the abdominal legs of the 4th instar larva after ligation (Abe et al., 1996) . Similarly, although these two RAPDs were linked to the + nsd-2 gene, which was not amplified from the + nsd-2 locus, it will be very useful to select susceptible individuals in the JSD-2 strain in order to obtain the next generation of diagnosed ones without having to resort to virus inoculation and killing. In general, the phrase "resistance to invasive or infectious disease" is used to describe a lower degree of susceptibility and reduced severity of symptoms. In contrast, the resistance to DNV-2 in B. mori is actually refractoriness or, in other words, a complete lack of susceptibility. The biochemical mechanism by which the nsd-2 gene causes DNV-2 nonsusceptibility in B. mori is not yet known. However, the susceptibility and nonsusceptibility to DNV-2 by the + nsd-2 (nsd-2) is thought to be determined at a single cellular level because when mosaic lar-vae with susceptibility//nonsusceptibility to DNV-2 were produced and administered DNV-2, midgut mosaicism was detected in two areas, the infected and non-infected ones, respectively (Abe et al., 1993a (Abe et al., , 1993b . Therefore, the mechanism of nonsusceptibility will likely be relatively simple. If the + nsd-2 gene is cloned and the gene product identified, the mechanism of nonsusceptibility will be understood clearly.
